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) A STUDY OF TETANUS TOXINS AND TOXOIDS PREPARED
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{Lreceived b4 August 1934)

IN RECENT years nunierous investizations have been pubdished in the literature coneerne.
g the eultivation of bacteria in semisvithetic and synthetic media. Among these the
papers coneerning the preparation of toxins and toxoids in
special interest. The most poeirtant as.ong @

)

semisvithetic nicdia are of

s latter I casein inotem of anoaeld
hydrolvsate or a trypie digest (Ghudson and Ficlds, (9405 Finney BRG; Fizek, 1943,
Mitller and Miller. 1947, 1953, {954
of semisyvniietic media wmakes it po:

According 1o the opinion of these authors the use
atically to obtain toxins of high activity;
the toxoids prepared in such media show a high degree of antizenic and ininunogenic
propertice and can casiiy be coneentinted ana puritied,

Uniil recenddy mest wmedda were tsed i the Soviet Union for the mass production of
tetanus toxoid prepared Ly modifications of the nicthods of Ramon and Giuzinan, These
media are unsuitable 1or the mass production of tetanus toxin, not ooy becatse they are

SHTHE aysted

expensive, hut anain,y beeause it s ‘mpossible systematicaily to obtain from these media
wranus toxin of hizh quality. In order to lower the price of the distributed preparation
and obtain w toxoid of hizher quality we replaced the meat media by easein.

In prehiminary Investizations, trials were made of 20 different forulae for culture
medin the muin constituent of which was casein hydrolysates. The best medium for
the preauetion of tetunuz 1oxin was a medium prepared from casein hydrolysate with
the addition of wheat husk a4 aguecus yeast extract,

In this medium 40 batches of tetanus toxin {about 2,000 L) were prepared. The
sirengeh of the toxins obtained from the casein media was 2-3 times greater than the
strength of toxi-s prepared in the media of Ramon and Gluzman. The antigenice
properties of the cascin toxoids were also considerably higher than those of the antigens
prepared in meat media. Whereas our production toxins prepared in Ramon medium
contained an average of 750,600 Dim and 75 .U, per ml acd the toxins made in .
Gluzman medium 1,000,000 Dim and 100 F.U., the toxins made in ewsein media contained |
an average of 2,000,000 Dim and 200 F.U.

A shorter time is needed for the inactivation of toxins prepared in media not contain-
ing meat than of texing prepared in Ramon or Gluzman medium. Whereas toxin in
Ghiznan medium could be inactivated in 20-25 days and in Ramon medium in 18-21
days, the inaetivation of toxins prepared in casein media took place in 15-16 days.

In an investigation of the antigenie properties of toxoids prepared in media not .
eontaining meat it was feunsd that the fixing capacity of the toxins corresponded to the i
fixing capaaity of the toxoids. d

The characteristic properties of 16 batelics of tetanus toxins are viven in Table 1,
including strength and fixing capacity as well as the antigenie properties of the toxoids |
prepared tram these hatches o telanius toxins, !

AD 680626

o g e e
e

In experiinents on cuinea-bizs tae degree of ity developing ax a result of the b
t v $H: ) . -
infection of toaoids viejared o easein media was investigated. Each baten was tested
i ot e sise wdvi were each injected with 5l of toxoid, Thivty davs Laer
e anbidiee oo o el ziven Tou, 200 or 300 Dim of tetanus toxin,
o . s IR P ™ 3] g 1 N ] i L . e
The o ecent showed (Table 2) thay ail the animals immunized Wi, tetanus
i \
LoX0id ol udlehies nos, 35, 40, 52, 54, 35, 58, and 34 survived the injecdon i oo i
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T L CRARACTERISTIC PROPEWEIEY OF TITANUS TOXINS AND TONOIDNS PREPARED IN
CASKIN MEDIA

Ne. of bateh Dhn U, of tho toxin LU, of toxoid
R 3,000,000 >350 <300 > 230 <300
0 300 300
o2 3,000,000 204) 200
‘ aN ? SOUB,000 1on Tow
i EoRa00,000 300 2000
! 3,000,000 300 300
w7 2,000,000 >2U00 0 <300 > 2000 <300
, Nl 2.500,000 > 200 <300 > 200 <300
; st 2,000,000 > 200 <300 . 295
B BH 2,000,000 > 200 <300 > 200 <300
NY) 3,000,000 S0 U0
H) 2,000,000) 100 100
i) 1.000,000 125 125
1098 1,000,000 100 100
113 2,000,000 200 200
. 137 . 2,000,000 200 260

of toxin without any signs of tetanus. The guinca-pigs which had been givep toxoid

of batehes no. 64, 74, 77, 81, and 84 were injected a month later with 100 and 200 Dim of
' toxin. Six days after the injection of the challenge dose one guinea-pig showed signs of
drst degree tetanus, In addition 4 guinea-pigs immunized-with toxin of batch no. 84
were injeeted with 500 Dim of toxin. Three showed no signs of tetanus, but one
developed second degree tetanus,

Tasry: 2. DEGREE OF IMMUNITY N GUINEA-PIGS AFTER A SINGLE INJECTION OF TETANUS

: TOXOID PREPARED IN CASEIN MEDIA
: .
: 100 Dim 200 Dlm 300 Dlm
:
B - Result Result Result
Loy D
, Time of z g "é Wl s & T &
' investigation f “ 2 o g ;—- éo S« § -;- 'é S ; ’-;- é S
Si 9 IES|ZEe|w| | EE|lw|eE|EE|w| 23
) L3l g |Z2|EE 2E|EE 22|52
: 2 2 S = v = bo -,—w'é >= b~ ’O .El)t .= = ;o -_:-Lz
, e - BnjAB| ALl AR A LS AR A . <
After proparation 35 5 4 4 4 — —_— —_— | -] -
' 4 5 4 4 4 —_ — —_ — — — —
a2 ) 4 + + — —_— e | — —_— ) —] -
a4 o 4 4 + —_ e _— =] -
53 ) S d o -_— —_— — —_— —_ — —_
a8 S 3 3 3 — —_— -] - —_ - -
B1] R T - 3 — —_ | - - —_—— | -
64 a4 3 2 | Tetl 1 B — — — —
74 o o 3 3 — 2 2 - f— —_— —_
e 3 3 2 ooz — 1 1 — —_ _— —_—
S U ST ol = 2 |2 = = =] —
S S bos 22— o2 b2l g g T
After 1 year (TR S S S A 1 ! —_ 2 20— R I
storago LTS : 5 . 2 2 —_— 1 1 - —_— -
b s b bl =2 g2 = == =
! ’ i i l |
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The anvigen cordent and antigenicity of the three batehies of tetanus toxoid nos, 64,
Cand N obtained in casein mediio were tested 1 year adter they had been prepared,
¢antizenie strength of these batehes of toxoids on the second determination was s

folows s bateh no G4 300 F.UL bateh no. 74: 300 F.U. and Bateh no. s1: >-200-2300
F U per ml, The redetermination showed that the antigen contents of these batehes of
feponts toxaid had not changed during 1 yvear of storuge. The degree of immunity
provided by each of these three batehes of toxoid was investizated in 3 gninca-; s,
whichoreeeived Sl of toxoid subeutineousiv in the foots Adter 30 days [00 6 200 Dl
G Setanns toxin was fjeeted into e anals, aud was corapletely neatralized by the
sectar of the Gumunized animals (Table 2)0 The experiment showed that 1 yeur after
prvieiration tee antigenicitv of the toxoid hid alzo remained at the previous level,

In adaiion, toar hateles ol tetanus toxaid mos 64, 90, 97 and 95 were used for the
fnnnization of guitea-pigs, the blood of winich was fater exanined fur its antitoxin
content. The antuds reecived two injeciions caeh of crude toxoid i g valume of 1l
witis an intervad of 21 days. Thirty days after the seee injection the blood of the

i wn was eXatiined,

st of the Innnunization of 5

dnea-pigs with toxoid of bateh no. G4 containing
Dy I e ey T4 aninu . T 1ol and of one weamal >125
SURL LG T T TAC Serann 01 4 aniiidds contained > 1 0 < b and of ole ainds > 1 <0
AU per . Among 3 anbnads which Lad been nmunized with tetanus toxoid of bateh
o, Gdocontaining 173 LU per ml the serum of 4 contained >1,10 <1 and of e
> <3 AU After imsunization with tetanus toxoid of bateh no. 98 containing 175
XA per mid ess than 1710 AU was tound in one guinea-pig, >1/10 <1 in 2 guinea-pigs
and >1 <3 AU in 2 guinea-pigs {Tabie 3).

Tasis 3, DEVELOPMENT OF ANTITONIN IN THE SERUM OF GUINEA-PIGN AFTER IMMUNIZATION
WITH TWO INJECTIONS OF TLTANUS TOXO1D PREPARED IN CASEIN MEDIA

to.
Arount of Nunber of
No. of baich : toxoid {ml) F.U. in1ml Number of Number of A.U. in 1 ml, of
ol toxoid | used for one of anitigen guinea-pigs the animal's serum
I! injection
i~
64 [ 1 300 + >1'10<1
: i 1 >1<h
0) i 1 175 4 >1<3
! 1 >1,10<1
97 | 1 125 +4 >110<«l
‘ 1 >1<3
8 ' 1 175 2 >110<1]
i 1 110
! 2 >1<3

We further investizated the immunizing propertios of tetanus toxoids prepared in
casein media snd adsorhbed onaduminium hydroxide,

The adsarpiive capacity of the aluminium hydroxide was fiest determined. For this
Purpose W adddon Ta 7 batehies of tetanus toxoid containing W0-300 .U, per ml alumin.
Be By osdde L0 che winount of 243wy of ALO, per mi of antigen. The completeness
of addsor o wes deacssed from the amount of residual toxoid o the sapernatant,
Tabic « s tiet o tae B oserles of tetanus toxoid examined, not . -3 than & and noy
more Laea oo U ner ml remained in the supernatant, depending on the antigen
Cuntent o the toxoids,
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Havimg convineed owrselves of the faet that the tetunus toxoids prepared in casein
mediinn e well adsorhed we earried out an immunization experiment on guinen.pigs
witih Various hatehes of tetanus toxoid adsorbed on atuminium hydroxide. Crude toxoid
of hateh no, G4 contained 300 .U, per ml; after adsorption with alumininm hydroxide
ey 231U of toxoid remained in the supernatant fluid, Toxoid of bateh no. 90
vantainea 175 UL per ml, but the supernatant thuid after adding aluminium hydroxide

Taskk 40 ADSORFFION OF TETANUS TOXOID PREPARED IN CASEIN MEDIA ON ALUMINIUM HYDL.ONIDT

No, of bateh ot Nooof LU in Ll Mwount of ALO, per No. of F.U. per ml of
toxoid ol toxoid ml ol toxoid (myg superiitiat
I
" 200 l 2 104250
by 250 ! 20 20— 50
N : 275 ! 25 10480
HIL ! 150 25 o< 10
o7 | 125 2.5 ! 22550
s i 25 | 223250
|

contained ouly 5 10U, The fixation capacity of the toxoid of batch no. 97 was 125 1'.U,,
and in the supernatant fluid there were 25 F.U. In 1 ml of toxoid of no. 98 there were
175 UL but after adsorption with aluminium hydroxide_the supernatant fluid con-
tained 25 I°.U.

Two wioups of animals were immunized with each antigen, some with erude antigen
and others with adsorbed crude antigen. The guinea-pigs were immunized with two

TasLie 5. IMMUNIZING PROPERTIES OF CRUDE AND ADSORDED CRUDE THTANCS TOXOIDS
IREPARED IN CASEIN MEDIA

|
¢ No.of .U, ! No,of I'U, per | No. of I.U. No. of
Batch no. of per ml of ml of completely per ml of No. of AU, per ml
antigen crude toxoid ' adsorbed toxoid] =upernatant guinea-pigs of serum
64 300 — -- 5 >1/10<1
295 25 9 135
490 i 175 —_— — 3 >1/10<1
! 170 M 2 15
97 L e - — 4 >1/10<1
: 100 25 3 10
us 175 —_ — b >110<1
150 23 D 53

injections of 1 ml of the preparation with an interval of 21 days. The blood for the
cetermination of the antitoxin was taken 30 days after the second injection. The
experiment showed the superiority of the adsorbed crude antigen over the unadsorbed
crude antiven. After immunization with unadsorbed crude toxoid the antitoxin content
o the serun: ranved from >1/10 to <1 AU, whercas in animals immunized with
adsorbed ertae toxoid tne serum contained a much higher amount of antitoxin (Table 5).
Atter immuni.ation with adsorbed erude toxoid of batch no. G4 the average titre of the
seriia was 13 UL per el {5 cruinea-pigs), and ofter immunization with toxoid of batch
o, 40 the serum contained 15 AJUL (2 guinea-pigs), with toxoid of batch no. 97,10 A.U.
3 Suinea-pigs), and with toxoid of batch no. 93, 5-5 A.U. (5 guinea-pigs).
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On the hasis of these results we are able 1o recommend for the mass production of
tetantis toxaoid o medimn the main constituent of which is casein hydrolysate, In this
medivi, tetanus toxoids with high antigen content and antigenicity can be prepared.

)

\, CONCLUSIONS

) Tetanus toxins prepared incasein medin have a toxicity of 2 or 3 times greater
strenvth than toxins prepared in Ramon wnd Gluzman niedia,

) Tetanus toxaids prepared fiom casem media have an antigen content 2 or 3 times
wreater th, toaoids prepared from meat media.

w3 The inactivation of tetanus toxins prepared i casein mediia can be achieved in a
shorter thine than the inactivition o toxins preparved in meat media.

4 The fixation capaciiy of tetantis voxins prepared in casein wedia ran parallel to
the dixation capaciiy of the toxoids expressed in BLUL Gixation units).

i) The Innmunzing propetios of crde teiadiis toxoids preiaacd 10 easein media
satisticd the standards laid down in the insteuctions for the preparation of tetanus
toxoids in meat media,

Tu) Redinvestigation carried out 1 vear after preparation showed that the antigen
content and antigenicity of toxeids prepared in casein media was fully retained.

TH Crude tetanus toxoids prepared in casein media are well adsorbed by aluinium
Lydroxide.

%) The hmmunizing propertics of tetanus toxolds adsorbed on aluminium hydroxide
are higher than the immunizing properties of crude toxoids.

Lrunslated b)\F. S. FREISINGER
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COURSE OF EXPEIRIMENTAL LESTOSPIROSIS
IN IRCADIATED ANIMALS

R. V. PrrrROV e

b

~. (Received 13 March 1936)

2N generally knowg at the present time that atter ireadiation with ionizing radiation
the wechanisias of intunity are damaged.  The phagocytie activity of the reticulo.
endotheliad eclls s supPhssed (Pestova, Alekseev, Wilkinson), the Dbactericidal
properiies ol tuids and tssuediminish (Kleggarskaia, Markus), antibody formation is
dopressed Hewton, Talladerro, K crmeability of vessels and tissues increases
e ey, Lodtzonaov), and ctions of the vegetative and central nervous
AVac s derze oo chanze (bmuncnpd, Badin, Lebedinskii).

e et et aeadiated argMlials becaie ore suseeptible to infection by infoe.
Caavida ai et the courgfol the infection I8 quore severe, This s substantiated
S it oactot otaig nore mapid and severe cottie c o tabereulosis i irradiated
s pess Norper dispfvered an daereased stiseeptilndits 1o pnenococeal and
T tradiated white mice, Shaiia it acs avenable coneerning
Levpraioaonde legdd@l (Neian) monse typhoid (Goudin vichettsioas  Zinascr), and vivus
HTSTCRYINTIN (“k' )

ALreplovoee [ lnaectiog

or, Smorodintsev, etee We found no da in the litesatare coneerning
spivochidetoais i leradiated anbaals,
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